independent of each other if they undergo independent assortment. Criteria 1 and 2 are 1 0 1 equivalent when considering two loci found on different chromosomes-just as loci found on 1 0 2 different chromosomes will undergo independent assortment, such loci will also have important implications for phylogenomic studies.
genome-wide datasets may inadvertently include pseudoreplicated loci (Costa et al. 2016) . One 1 1 6 approach that has been used to identify putatively independent loci in samples has been to use 1 1 7 complete genome data in conjunction with an a priori "distance threshold," which represents the 1 1 8 minimum intra-chromosomal "distance" between two sampled loci that are presumed to have 1 1 9 independent gene trees. These distances have been in the form of physical distances in units of 1 2 0 base pairs or "bp" (e.g., Sachidanandam et al. 2001; Leaché et al. 2015; Costa et al. 2016 ) or a 1 2 1 recombination distance in units of cM (e.g., O'Neill et al. 2013) . In other studies, researchers from each other by vast intra-chromosomal distances (e.g., > 1 Mb) and therefore likely satisfied the former study implicitly invoked criterion 1, whereas the latter invoked criterion 2. Nonetheless, all studies that have made some effort to ensure that their multi-locus datasets were Here, I evaluate these criteria for delimiting independent loci using empirical examples. As we will see, if sufficient data are available, then both criteria can be used to identify 1 3 2 independent loci in a sample. However, we will also see that one of these two criteria is likely to 1 3 3 be far too conservative for use in many phylogenomic studies. 
Materials and Methods

3 6
To illustrate the relative utility of each criterion for delimiting independent loci in eukaryotic 1 3 7 genomes, both criteria are examined using genetic and genomic information available for the Furthermore, these authors derived a formula for estimating the total number of IGUs in a (1)
whereby N e is effective population size and the c is the per generation recombination rate. As The number of IGUs in the A. tigrinum genome under criterion 1 was estimated using the supplied, which is problematic because North American Tiger Salamanders have widely varying Salamanders (A. californiense) had exceedingly low N e of 11-64, which may be explained by Criterion 2 (independent assortment) only requires a genetic linkage map for the study
species or group and thus it is simpler to use than criterion 1. Thus, given the map length of ~287 first researchers to use the independent assortment criterion to select their phylogenomic loci.
7 5
Using the A. mexicanum linkage map these authors developed 95 PCR-based loci taken from all 14 linkage groups and ensured that no two loci were closer than 50 cM apart on the same chromosomes (O'Neill et al. 2013 ). In the current study, the total number of independent loci in 1 7 8
the Ambystoma genome under criterion 2 was estimated. on average, to encounter one IGU or independent locus every ~12,500 bp along its separated by 50 cM on the same chromosomes are independent from each other, then we would
conclude that there are only six independent loci in this genome. In reality, however, there must in the genome. In summary, the number of independent loci under criteria 1 and 2 are ~11,500
and seven, respectively, while the inter-locus distance thresholds are ~12.5 kb and 20 Mb, respectively. Clearly, criterion 2 is far too conservative to be of practical use for fruit flies. Using equation (1), the number of IGUs in the tiger salamander genome is equal to instead assumed to be larger at 10 5 , then the number of IGUs increases a hundred-fold to 21,000. Ambystoma genome, which translates to about one independent locus per 3.4 Mb, on average.
Although the estimated number of independent loci in the tiger salamander genome under
criterion 2 is by no means a small number of loci for a phylogenomic dataset, it is still 2 0 5
substantially smaller than the number of loci that would be obtained using criterion 1 even if a 2 0 6
low N e were to be assumed. The fruit fly and tiger salamander examples demonstrate that the independent assortment-2 0 8
based criterion for identifying genealogically independent loci is overly stringent and would 2 0 9 therefore unfairly restrict researchers to using fewer independent loci than would be permitted datasets with the maximum number of genealogically independent loci or SNPs. 
